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The process e~^e~ — )• n^p is described in the framework of the expanded NJL model 

in the energy region from 0.9 GeV to 1.5 GeV. The contribution of intermediate 

I state with vector mesons a;(782), </>(1020), and a;'(1420), where oj' is the first radial 
1^ 

pi I excitation of a; - meson was taken into account. Results obtained are in satisfactory 
D. 

• agreement with experimental data. 
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I. INTRODUCTION 

X 

d \ This work is devoted to the description of the process e+e" — ?■ n^p recently measured in 

experiments of 2006 and 2011 years It is also concerned with a theoretical study of 

the process e'^e" — )■ 7r°p° within the u—,u'— and 0— mesons energy range. This process was 
recently measured at the CMD-2 detector at the VEPP-2M e~^e~ collider jl-sl. 

The cross section of hadron production in the e~^e~ annihilation in the energy region ^/s < 
1.03 GeV can be described within the vector meson dominance model (VDM) framework and 



is determined by the transitions of li^ 
It is one of the series of works 



it vector mesons {u, u', (p) to the final states. 
Sj, where process e"'"e^ — t- tt'^w, tx^^ was described in 



the framework of the expanded NJL model 



m 



7|. The results obtained were found to be in 



satisfactory agreement with known experimental data P, 5] . The main formalism including 
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the SU{2) X SU{2) chiral NJL model coincides with one of paper [4, |5|. 

The standard NJL Lagrangian which d 
and u mesons with quarks, see Refs. jsl 9| 



The standard NJL Lagrangian which describes interactions of photons, pions and vector p 



II. AMPLITUDE OF THE PROCESS e+e ^ w,w',</> ^ tt^" 
The amphtude can be written down in the form: 



a B 

T = e'jf.e ■ Spxap^^^^ ■ {B^+^ + B^ + B^>}ex{p) (1) 



where s = {pi{e~^) +p2(e~))^. 

The quantity -B^+^j to the contribution of the amphtude from the process with intermediate 
photons and uj - mesons: 

The quantity B^j, corresponds to the contribution with - meson in the intermediate state 

fl: 

sv^-sin^,^,^ 1 
B<t> = J. ^2 , -Aj -r ^71-^)' W 

sind^^ = -0.0523. 

The quantity B^^/ to the contribution from the intermediate radial excitation of the u - meson 
state: oo' — t- vr^p it is taken from paper 

= T^^mEJ^ r sin(2/3o) - sin(2/3o) J ' ^ ' 

where 

r ^ I will be specified below (see (8)) and 



, . . ^ ( sin(/3 + /3o)^,,/f) sin(^-^ok^\ 1 



.r /X /'cOs(/3 + /3o)^pi/o , COs(/3 - /3o)^p2A 1 /K^ 

* sm(2/3o) sm(2/3o) ' 



z7r^(A;2 — + iO) 
1 



((fc + pp^ - m2 + iO) ■ {{k + p^Y -m? + iO) ' 



(6) 
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The radially-excited states were introduced in the NJL model with the help of the form factor 
in the quark-meson interaction: 

k^ = k- d = 1.78 GeV-\ (7) 

pi 

where k and p are the quark and meson momenta, respectively. The cut-off parameter A=1.03 



GeV is taken 







The coupling constants g-^^ = g-„ and gp-^ = gp are the same as in the standard 
NJL version. The constants g.^^ = 3.20, gp^ = 9.87 are the mixing angles (3o = 61.53°, and 
(3 = 76.78° were defined in [lo|. The standard value of the (f) — uj mixing angle 9^^ ~ —3° is used 
Qj. So for the numerical calculations we use the values from the Particle data Group [12]: = 
8.49 MeV, T^, = 215 MeV, = 782 MeV, Mp = 775 MeV, M^, = 1420 MeV, = 
1020 MeV, = 4.26 MeV, M^ = 139 MeV. The 7 - w transition differs from the above 
just by factor 1/3 compared with 7 — p. In the amplitudes with excited mesons we have to take 
into account the 7 — P2 and 7 — ix'2 transitions (7 — Wi(pi) ones are the same as in the standard 
7 — a;(p) cases) can be expressed via the 7 — a;(p) transition with the additional factor 

m 

^ -0.47. (8) 



III. TOTAL CROSS SECTION 



In (7) m is the constituent quark mass (m„ = = 280 MeV). For calculation of the total 
cross section of the process we use: 

^(^) = Jfff2 ^'^'(^' ' ■ 1^7+- + B^ + B.'\^ (9) 

where = 93 MeV is the pion decay constant and A(s, M^, Ml) = {s-M^- M^)^ - AM^M^, 
gp is the vector meson coupling constant gp ^ 6.14 corresponding to the standard relation g"^ ^ 
3. 

The total cross section in the region 0.9 GeV < ^/s < 2 GeV is presented in Fig.l. 
In Table [T] the behavior of the cross section in the region -|- rrip = a/s^ < y/s = 1.1 GeV 
is presented. In this region the cross section has a resonance character. 

In conclusion, we would like to note the distinction of between the n^p^ and tt^u process, where 
the (j) - resonance is not seen in the n^u process. A similar situation takes place in the process 
e'^e^ —7- 7r°7 which was supported by experimental data. 

As a by product of our analysis we obtain the partial decay of the process — ?■ p°7r°. 



F0_j,„o^o ^ 0.5MeV^ which is in good agreement with PDG data |l2|. 
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Figure 1: Total cross section as a function -y/s, 1.02 < y/s < 2 GeV of the e+e — )• ir^p^ process in 
the NJL model. Points are experimental data 
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Table I: The magnitude of the total cross section in the resonance region 0.915 < y/s < 1.1 GeV 

IV. CONCLUSIONS 

The cross section of the process e+e~ — t- vr^p*^ was measured in the Spherical Neutral Detector 
(SND) experiment at the VEPP-2M collider in the energy region ^ = 980 - 1380 MeV [l|-b|. 

Our calculations for the process e^e~ — )■ 7r°p° showed the presence of two regions of en- 
hancement of the cross section in the energy range below 1.020 GeV and 1.4 GeV. The first 
one appears in the region of the meson mass and looks like a very high narrow peak. The 
second one is a smooth peak, it lies in the region of uj' meson mass. 

Notwithstanding, the process e^e'^ — )■ ix^p^ is similar to the process e^e^ — )■ cuvr^, but in 
our result in meson mass region we have a very narrow peak which will be agreement with 
experiment. 
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